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Mean daily area for 31 days, 1.865. 
Plate quality: F, fair; 0, good; VO, very good. 

MAY 1939 
[Dependent alone on observations at Zurich] 1 

Relative 
~~~~~~ ( 1  May 1839 I numbers 

79 2 9 - - - - - _  add 172 
30 _ _ _ _ _ _  157 

3 L -  ___. 146 

a=Passage of an average-sized groiip through the central meridian, 
6-Passage of a large group through the centrsl meridian. 
e-New formation of a group developing into a middle-shed or large center of activity. 

E, on the eavtern part of the suu's disk; II', on the western part; A I .  on the central-circle 
zone. 

d-Entrance of a large or average-sized center of actlrity on the east limb. 
*-Cbur. 

AEROLOGICAL OBSERVATIONS 
[.4~rolOglcal Division, D .  M. LITTU in chnrge] 

By B. FRANCIS DASHIELL 

The results of 690 individual upper-air observations 
iiiade during May by airplanes and radiosonde in the 
United States, Canal Zone, Hawaii, Canada, Bermuda and 
the north Atlantic, are shown in tables 1 and la. h4ean 
atmospheric pressures, temperatures, and resultant winds 
are indicated on charts VIII, IX, S, and XI. Isentropic 
data are shown on chart XI. Tables 2 and 3 present 
upper-air wind data and table 4 gives the mean altitude of 
the tropopause. A detailed description of these charts 
and tables will be found in the January 1939 issue of the 

In the lower levels where observations are macle by 
radiosonde and airplanes, many flights reached all levels. 
Of the 320 airplane observations made in the United 
States proper, 80 percent reached 5 kilometers. But, of 
all the 311 radiosonde flights launched a t  the surface, 98 
percent reached 5 kilometers. And, in the higher levels, 
92, 79, and 25 percent of all flights reached 10, 15, and 20 
kilometers, respectively. Means were computed for the 
23-kilometer level over Nashville, Tenn., Omaha, Nebr., 
and Washington, D.  C., while a few individual flights went 
even higher; 25 kilometers over St. George's, Bermuda, a i d  
24 liilometers over Omaha, Nebr. 

The May mean free-air pressure, temperature (" C.), 
and humidity, given in table la, also includes radiosonde 
observations for the first time from Barksdale Field, 
Shreveport, La., and the United States Coast Guard 
cutters Chainplain and Chelan, when located a t  Halifas, 
Nova Scotia, or in an area a t  sea lying between latitudes 
40' and 44' N. and longitudes 47' and 53' W. 

A low mean-pressure area prevailed to the north and 
east of the Great Lakes, then northeastward indefinitely 
toward Hudson Bay and Newfoundland. However, the 
lowest pressure in the United States a t  1.5, 3,4,  and 5 kilo- 
meters, was centered over Sault Ste. Marie, hfich. But it 
waa found that pressures far to the east, over Halifax, 
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Nova Scotia, were still somewhat lower. On the other 
hand, pressure was higher east of Halifax, Nova Scotia, for 
observations by Coast Guard ships a t  sea (table l a )  
revealed pressures that were from 2 to 3 millibars higher 
than those recorded over Sault Ste. Marie, Mich., a t  all 
levels. The highest pressures were located in the south, 
being centered generally over St. George's, Bermuda, and 
Pensacola, Fla. 

During hiay low mean pressure prevailed over Fargo, 
N. Dak., up to 1.5 kilonieters; over Sault Ste. Marie, 
hfich., up to 16 kilonieters; and over both stations from 
17 to 20 kilometers. The highest mean pressure from the 
surface up to 1.5 kilometers predominated over St. 
George's, Bermuda, and then a t  Pensacola, Fla., up to 
5 kilometers. Highest pressure then was located over 
St. George's, Bermuda, a t  5, 6, 7 ,  and 8 kilometers, being 
exceeded by Shreveport, La., a t  9, 10, and 11 kilometers, 
and Nashville, Tenn., a t  12, 13, 14, 15, 16, 17, and 18 
kilometers, and Washington, D. C., a t  19, 20, 21, and 32 
kilometers. 

The pressure differences between the LOW and HIGH 
areas u t  Halifax, Nova Scotia, and Bermuda increased 
steadily with altitude, varying from 7 millibars at  0.5 
kilometer to 19 millibars a t  5 kilometers. Similar differ- 
ences between the two pressure extremes within the 
United Statjes (Sault Ste. Marie, Mich., and Pensacola, 
Fla.) , showed slightly smaller increases with altitude, 
ranging from 5 to 14 millibars at  0.5 to 5 kilometers, 
respectively. 

Mean free-air temperatures (" C.) during the current 
month were seasonally warmer than in April a t  all radio- 
sonde stations in the lower levels, but slightly colder than 
those recorded in April at  the upper levels, with the 
exception of Oakland, Calif. At Fargo, N. Dak., the 
mean temperature a t  17 kilometers (-61.8' C.) was the 
lowest recorded over that station since October 1938. 
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I n  the lower levels, up to 5 kilometers, mean tein- 
peratures for May were lowest over Halifax, Nova Scotia, 
and highest over El Paso, Tes., a t  1.5, 3, and 4 kilometers, 
and over Pensacola, Fla., a t  5 kilometers. Above 5 kilo- 
meters, mean temperatures were highest over Shreveport, 
La., up to 11 kilometers; overOaldand, Calif., a t  12, 13, and 
14 kilometers; and over Sault Ste. Marie, Mich., from 15 to 
30 kilometers, inclusive. The lowest mean temperature 
recorded in hiay in the upper air was -65.S" C'. over 
St. George's, Bermucla, at  15 kilometers; in the United 
States, -64.3" C. over Nashville, Teim., at  17 kilometers. 

Mean relative humidity in the United States was lower 
than usual in the free air, the highest percentage being 
recorded a t  San Diego, Cnlif., at 0.5 and 1 kilometer; at  
Pensacola, Fla., a t  1.5 and 2 kilometers; over Srtult Ste. 
Marie, hlich., a t  3 and 4 kilometers; over Salt Lake City, 
Uttili, a t  5 kilometers; and over Fargo, N. Dak., at 6, 7, 
S, and 9 kilometers. The hunlidity over St. George's 
Bermuda, a t  0.5, 1, 1.5, and 2 kilometers, was the highest 
reported during May. Dry air was centered in the lower 
levels over Omaha, Nebr., nncl Spokane, Wash., a t  0.5 
and 1 kilometer. Relative humidity ranged from 24 to  
33 percent over El Paso, Tes., a t  2 ,  2 .5 ,  3, 4, and 5 kilo- 
meters, respectively, while above 5 kilometers the driest 
air was centered over Oakland, Calif., and Berniucla. 

Resultmt wind clirections and velocities were coin- 
putecl during hlny for 115 pilot-bnlloon stntions in the 
United States, Canarla, hleuco, Cuba, and Berinuc1:i. 
These inclucled data for new stations at  Elmira, N. T., 
Mobile, Ala., S,w Antonio, Tes., and Springfield, Rlo. 
Table 2 presents a list of 39 selected stations with coni- 
puted resultants for all standard levels. Iinprovenieiit 
in the number of observations made a t  higher levels was 
noted. Comparing the current month with April it was 
found that this increase amounted to 15, 18, and 25 per- 
cent, a t  3, 4, and 5 kilometers, respectively. All stations 
listed in table 2 computed 5 p. m. resultants. for all levels 
up to  2.5 kilometers; 87 percent up to 5 ldometers; 67 
percent a t  6 kilometers; 31 percent at S kilometers; 21 
percent at  10 kdonieters; and 13 percent at 12 kil?nieters. 

During the current month there was a decided increase 
in the masimuni altitudes reached by pilot balloons. It 
was found that 70 percent of the stations in the United 
States averaged a t  least 3.5 kiloineters higher in hiay 
than in April. But in the Northwest and along the Pacific 
coast the ninlrimum altitudes reached were lower in hIay 
by an average of 1.5 kilometers. At Miami, Tampa, and 
Jacksonville, Fla., maximum altitudes were 7 kilometers 
higher than in April. Highest altitudes were reached by 
individual ascensions at  Abilene, Tex. (19,467 meters) ; 
Sail Antonio, Tes. (19,113 meters); and Denver, Chlo. 
(1S,59T meters). At 20 percent of all stations in the 
United States maximum altitudes exceeded 15 kilometers ; 
a t  70 percent elevations higher than 10 kilometers were 
reached; and d l  stations exceeded 5 kilometers during tlie 
month. The latter portion of Mag appeared suitable for 
high-altitude balloon observation-the 1 gth, 20tl1, and 
31st over the Western Plains States from Texas to the 
Dakotas; the 33d and 24th in the Southeast; and the 
30th over the Mississippi Valley. Most stations took 
advantage of the opportunities presented by the conditions 
existing on those days. 

The 5 a. m. (E. S. T.) resultant wind directions a t  1.5 
kilometers (chart VIII), were mostly from the southwest 
quadrant over the eastern two-thirds of the country, 
except in the extreme Northeast and in Canada. South- 
easterly winds occurred in 13 percent of all cases, being 

confmecl to the far South and Gulf of Mexico countries. 
Northwesterly wind directions, representing 36 percent 
of all cases, prevailed in the far North, Northwest, and 
alonq the Pacific coast, as well as in Canada. But, a t  3 
ldometers (chart IX), southwesterly winds predominated 
only in the South ancl Southwest, while winds from the 
northwest quaclrant (55 percent of all cases) occurred 
elsewhere w i t h  the United States, as  well as Canada. 
About 2 percent of the winds a t  this level were south- 
easterly. However, resultant wincls computed from the 
5 p. 111. (E. S. T.)  observations for both the above-men- 
tioned lerels (1.5 and 3 kilometers) showed a more definite 
tendency to fall w i t l h  the southwest quaclrnnt. At 1.5 
mid 3 kilometers, respectively, GS and 60 percent of all 
directions were southwesterly. 

In the lower levels, southeasterly winds ranged from 35 
percent of the total a t  the surface to 15 percent a t  1 kilo- 
meter. Above 3 kilometers, a t  5 p. in., the percentage of 
northwest wind directions (charts S and SI, and table 2) 
graclunlly increased. At 4 kilometers the winds were 
eqnnlly divided between the southwest ancl nortliwest 
cluaclrilnts, :ind a t  5 liiloi 60 percent of the resultants 
were northwesterly. S est winds in these levels 
were confined to the South, some in tlie far West, and 
generally over the Pacific coast. Wind directions above 
-5 ldometers were definitely from tlie northwest quadrant, 
re:icbing iS percent of the total nt S 1-'1 11 ometers. 

Resultant wind velocities during May were lower than 
ill the prececliug nioiitli. Highest velocities occurred over 
tlie Nortlietist, tlie upper Mississippi I'alley, and the 
Southwest, a t  1.5, 3,  4, and 5 kilometers. The estrenie 
velocities for h h y  were 9.2 meters per second a t  Del 
Rio, Tes. ; 1O.S in. p. s. a t  ElIiliriX, N. Y. ; and 15.5 m. p. s. 
at Suult Ste. hlarie, hlich., and Buffalo, N. Y., a t  1.5, 
3, 4, and 5 kilometers, respectively. In  the higher levels 
resultant wind speeds of 17.2 and 30.6 m. p. s. were 
recorded over W i d o w ,  Ariz., a t  10 and 13 kilometers, 
respectively. 

C'omparing the 5 a .  rn. (E. S. T.)  resultants (charts VI11 
and IX) nitli 5 a. in. noniial resultants computed for 21 
representative stations in the country, it was found that 
the wind directions for Rlay a t  the 1.5-kilom 
depnrtecl from normal by counterclockwise orientations. 
These departures were pronounced a t  Atlanta, Ga. (the 
difference being 49' when rotated counterclockwise away 
from normal), and Oakland, Calif. (42°-counterclork- 
wise). ,4t 3 ldometers the counterclockwise departures 
were outstnndiiig at' Chicago, Ill. (39') ; hledford, Oreg. 
( 3 4 O )  ; Oal;land, Calif. ( 3 5 O ) ;  Omahn, Nebr. (33"), and 
Sault Ste. Marie, Mich. (27"). Velocity departures from 
normal during May were unimportant at, 1.5 and 3 kilo- 
meters, except over Fargo, N. Dak., where the current 
winds were respectively 3.0 and 5.1 ni. p. s. greater than 
nol.ma1. 

Resultants based on 5 p. in. (E. S. T.) observations, 
when compared to existing 5 a. ni. normal resultants for 
the surfnce and up to 5 kilometers, show that the May 
departures were in general characterized by counter- 
clockw-ise rotations from norni:tl. This was particularly 
noticeable nt Atlanta, Ga., Cheyenne, Wyo., Chicago, 
Ill., Sault Ste. Marie, Mich., San Diego, Calif., and 
Olrlahonia City, Okla. At Cheyenne, Wyo., for instance, 
the current wincls departed from normal by 7S0,  90°, 64", 
50°, 24", and 2l0 ,  a t  the surface and 2, 2 .5 ,3 ,4 ,  and 5 kilo- 
meters, respectively. At San Diego, Calif., the departures 
amounted to 9 l 0 ,  12", 2l0,  36", 30°, 20°, 44", 3l0,  and 
33", at the surface and up to 5 kilometers, respectively. 
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Stations and elrvations in 
meters above sea level 

Billings, Mont. (1.090m.) __._ 
Cheyenne, Wyo. (l,373m.)..- 
Chicago, Ill. (137 m.) ...__.___ 
Coco Solo. C. Z.1 (15 m.) _.__. 
El Paso Tex. (1,193m.) ...-.- 
Lakehukt. N. J.l (39m.) _ _ _ _ _  
Norfolk. Va.1 (10 m.) ._...____ 
PearlHarbor,T.H.I(6m.).-  
Pensacole. Fle.1 (13m.) ....--- 
~t .Thomas.V.I . I1(8m.)  
Salt Lake City, Utah (1,288 

m.) ....-.- ~ _........_...____ 
8fln Diego. Calif.1 (lam.).--- .  
Seattle, Wash.1 ( lam.)  __..___ 
Spokane, Wash. (597m.) _ _ _ _ _  

Stations with outstanding clockwise clepartures in the 
lower levels, and then changing to counterclockwise in 
the upper levels, were: hfetlford, Oreg., Fargo, N. Dnk., 
Houston, Tex., Nashville, Tenn., and Seattle, Wash. At 
St. Louis, Mo., and Washington, D. C., large counter- 
clockwise departures were indicated up to 2 kilometers, 
and then clockwise above. Resultant velocity departures 
from normal were large in some cases, being greater than 
normal at all levels over Fargo, N. Dnk., Atlanta, Gu., 
Sault Ste. Marie, Mich., ancl Seattle and Spokane, Wash. 
This situation was outstanding at Fargo, N. Dak., and 
Sault Ste. Marie, Mich. , above 2 kilometers. Elsewhere, 
velocities were lower than normal, being noticeable a t  
Oakla~d,  Calif .. Omaha, Nebr., and Nashville, Tenn. 

Resultmt wind directions (based on 5 p. m., E. S. T. 
observations), shown in table 2, w-ere decidedly more 
southerly during May than those observed iu the preced- 
ing month. At all levels, particularly a t  Cheyenne, Wpo., 
Atlanta, Ga., Huron, S. Dak., Oklahoma City, Okla., 
Omaha, Nebr., Reno, Nev., and Winslow Ariz., the direc- 
tions were generally sout8h of those noted in April by a 
counterclockwise departure. The few esceptions having 
winds in May that were more northerly than in April, 
were Buft'alo, N. Y., New Orleans, La., Sault Ste. Marie, 
Mich., Washington, D. C., Greensboro, N. C., and 
Brownsville, Tes. Over these stations the northerly, or 
clockwise, departure changes occurred a t higher levels 
only. Velocities were lower in May than in April a t  all 
levels, particularly a t  Brownsville, Tes., Omaha, Nebr., 
and Washington, D. C. The only esceptions occurred 
over Winslow, Ariz., San Diego, Calif., Las Vegas, Neb-., 
El Paso, Tes., and Sault Ste. Marie, Mich. 

Table 3 shows individual maximum wind velocities 
reached during May. Below 2.5 kilometers, Billings, 

~- I Num- 
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obser- P .  T. E: P.  T. g: P. T .  E: P. T. E: P. T.  E: P.  T. E: P. T. E' P. T .  E: P. T. E: 

va- 
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----- __ __--- 

31 690 11.0 64 .... ...... .___ -.-. _ _ _ _ _ _  .... 84s 12.9 51 79s 9.5 51 751 6.1 52 706 2 .3  5.5 1:?3 -4.7 60 ,548 -11.5 5Y 
31 811 7.4 69 .___ .-.... .... ~-..  ...... .... .... ~.~... .... 798 10.5 56 7.52 9 .1  50 704 5.7 51 6% -1.5 51 551 -Y.7 55 
31 QY3 12.3 76 956 14.8 63 Bo1 13.3 62 849 10.6 64 MI0 7.S 1 2  753 4.9 57 707 2 .0  54 6?4 -3.3 49 548 -10.0 44 
28 1,010 26.6 89 957 24.1 92 904 21.6 L(s 854 19.2 67 405 17.3 SI 759 15.5 69 71fi 13.5 57 634 4 . 3  59 ~. .... ~ .-.- 
31 679 19.7 27 .... ...... ..~. .... ...... ~~. 349 21.7 24 600 13.4 23 754 14.6 23 i l l  10.6 28 li?Y 1.7 2s 55.5 -6.4 33 
29 1,011 12.3 79 957 15.1 64 902 13.2 61 :.50 10.4 60 900 7.4 W 752 4.3 62 707 1.1 64 624 -4.4 56 550 -10.4 57 
25 1 016 16 8 W 960 18.3 63 905 15.9 56 553 12.4 :3 804 9.4 63 756 6.5 59 712 3.3 52 6% -1.4 45 553 -8.0 42 
31 1'016 2117 80 060 19.0 80 905 15.1 E2 S53 12.2 r9 803 10.6 67 i5R 9.7 43 712 8.0 31 e29 1.3 2 5 . . ~ ~  .... ~ ..... 
26 1:015 20.6 80 960 3.9 75 W5 13.2 70 854 11.U 71 805 12.3 71 7% 9.9 63 713 7. 1 59 631 0.9 55 557 -4.9 46 

..__________.___._._..____._..._____....._..._._..._......._._...... ...........-..._. ~ ~... ....._..._.... ~ ~ . - . ~ . .  .....- ~ ....... ~~ .....___ 

31 869 11.4 60 .... .-...- ..~. ... .__.__ ~. . 848 15.1 48 799 12.4 46 752 R.0 47 in6 5.4 541 021: -2.3 59 550 -9.9 61 
29 1,015 15.9 76 9% 12.5 83 903 12.6 73 65u 13.2 57 801 12.1 46 754 9.4 41 710 6.3 39 628 . 3  34 553 -7.0 31 
25 1,016 14.2 62 960 10.6 69 934 6.7 64 650 6 .6  57 600 3.9 53 751 1 . 1  50 706 -1.5 42 821 -7 .2  36 .... .....- ...~ 1 1 . 1 j 7991 65 52 751 2.4 M 705 1.4 56 622 -7.6 I 6.1 5461-11.0 49 31 1 1 1 - 1  945 10.01 88 _ _ _ _  _ _ _ _ _ _  _ _ _ _  Bo1 13.6 49 646 10 6 47 

Mont., reported 47.7 ni. p. s.; between 2.5 and 5 kilo- 
meters, a velocity of 58.7 in. p. s. occurred over Ely, Nev.; 
ancl above 5 kilometers, Redding, Calif., reported SO 
ni. p.  s. (lTS.9 miles per hour) from the SSW on the 8th 
a t  16.6 kilometers. This occurred at  the masimum alti- 
tude reached over Redding during May, and equalled the 
velocity reported there in the previous month of April. 
It has been exceeded elsewhere only four times, but is tlie 
highest wind speed of record over any station at such a 
high altitude. 

MEAN I S E N T R O P I C  CH.4RT F O R  MAY 193>,lQ=307" 

The mean isent'ropic chart for hIny shows a typical 
summertime pattern; a large warm, moist area estends 
over the western platertu arid is associated with an anti- 
cyclonic tongue estendiiig to Clicago. Over the eastern 
part of the country the typical eastern moist tongue is 
present; it originates in the Gulf and curves sharply anti- 
cyclonically over the Southenstern States. This tongue 
has a branch estending well over the Atlantic to New- 
foundland, as shown by soundings froni Coast Guard 
cubters and froin Newfoundland Airport. 

This nioisture pattern does not seem to correspond well 
with the distribution of precipitation departures except in 
tlie northeast, where large negative departures may be 
esplained by the downslope winds. hluch better corre- 
spondence is shown with n chart showing the number of 
days with 0.01 hicli or more of rainfall. Frequent rains 
near the lake regions and over southern Canada perhaps 
originate in lower layers nnd so cannot be esplained by the 
isentropic pattern. 

I This chart and the following discussinn have been prepared by the bir Mass Section 
of the Meteorological Research Division. 

TABLE l.--Menii free-nzr bnrotnrlric pressures (P . )  iii nib, temperntltres (T.) iir "C, and relative hrtniiditics (R .  H.)  in pcrceirt obtained bq aar- 
plunes duriiig I l lay 1939 

Altitude (meters) m.  s. 1. I 

I Navy. I Flights discontinued temporarily. 
Observations taken about 4 a. m. 75th meridian time, except by Navy stations along the Paciflc mast and Hawaii where they are taken at dawn. 
NOTE.-NOne of the means included in this table are based on less than 15 snrfm- or 5 standard-level observations. 
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TABLE la.-Mean free-air barometric pressures (P.) inTmb., teniperattcres (T . )  an 'C . ,  and relattve humidities (R .  H . )  i n  percent obtained bg 
radiosondes during M a y  1959 

Barksdale Field, Shreve- St. Georges, Bermuda 
port, La.' (51 m.) I (50 m.) Fargo, N. Dak, (274 m.) Nashville. Tenn. Oakland, calif. (2 m.) Oklahoma City. Oklrr. (180 m.) (3611 m.) 

Altitude (meters) m. 6.1. 
- 
NUUl- 
her of 

ob- 
S*k- 
va- 

tions 

hfarieo Washington, D. C. 8 (13 m.) Ealifnx, Nora Scotia4 (5 m.) (221 m.) 
Altitude (meters) m. 8. 1. 

At sea4 (5 m.) Omaha, Nebr. (300 m.) 

31 
31 
31 
31 
31 
31 
31 
31 
30 
30 
30 
30 
30 
29 
23 
XI 
29 
23 
27 
26 
24 
20 
14 
13 
11 
9 

Num- 
obser- b e r o f l  P. 1 T. I 2: 

vations 

977 15.8 6 
955 17.4 51 
901 16.2 5: 
849 13.5 6 
&UlO 10.5 5 
752 7.5 5: 
708 4.4 5: 
626 -2.0 5 
551 -8.0 5 
484 -14.6 5 
423 -21.8 4' 
369 -29.4 41 
319 -37.3 4 
276 -41.9 _ _ _ _ _  
237 -51.8 ..___ 
203 -56.3 ___-. 
173 -57.6 ...__ 
147 -57.5 .____ 
126 -58.8 .____ 
107 -60.2 _ _ _ _ _  
91 -61.0 ._.__ 
77 -60.7 ..___ 
66 -60.0 ..___ 
56 -58.6 ..___ 
48 -56.8 ._._. 
41 -54.4 _ _ _ _ _  

N D -  Num- 
ber of '* T. R. ber of 
obser- H. obser- T. 
vations vations rations vations 

R. ber of 
H. obser- 

987 6.4 87 
955 7.4 80 
8 W  7.2 ;3 
845 5.6 71 
795 3.4 6s 
747 1.0 65 
7c9 -1.7 65 
618 -7.4 60 
543 -13.4 53 
476 -19.8 51 
415 -26.8 49 
361 -34.1 47 
312 -41.4 46 
268 -48.4 ..-... 
230 -54.Y ___.__ 
196 -57.7 ._.__. 
1611 -57.3 ...__. 
143 -57.2 _ _ _ _ _ _  
121 -57.8 ._____ 
104 -.W.7 ._.___ 
88 -59.1 ._.___ 
75 -5P.9 ._____ 
64 -5S.O .-..-- 
54 -57.8 _.___ 

14.6 80 
14.6 70 
12.4 64 
9.4 I% 
6.3 63 
3.3 83 
.7 00 

-4.2 51 
-9.7 4s 
-15.9 46 
-22.9 45 
-?9.8 44 
-37.4 45 
-44.7 ._.___ 
-51.3 ._._._ 
-55.9 ..____ 
-59.1 .-...- 
-60.6 .-.-.. 
-61.2 .___.. 
-61.9 .____. .-. 
-62.4 ._.___ .-. 
-61.7 _____. ... 
-60.6 __.___ --. 

18 1,015 3.7 ._____ 
18 955 2.5 ___.__ 
18 897 1.2 ._____ 
18 643 -1.1 ....-. 
18 702 -3.5 ..____ 

18 697 - t . 6  ..___. 
18 612 -12.4 ._._.. 
18 537 -17.9 ..._.. 
18 469 -24.1 ____.. 
18 408 -30 8 ...._. 
17 353 -37.9 ...... 
16 305 -45.3 ...... 
15 282 -51.7 ___.._ 
13 221 -55.5 .__.__ 
8 192 -55.1 ..--.. 
7 164 -54.7 ._____ 
7 140 -54.6 _ _ _ _ _ _  
5 120 -54.6 ._.___ 

18 743 -5.7 ..__._ 

- - - - - . - . - - . . - - - - - - . . . -. 

29 1,015 
29 957 
29 002 
29 s i9  
29 800 
29 752 
29 707 
99 624 
29 548 
29 481 
22 420 
29 366 
!29 317 
29 274 
23 235 
29 202 
29 I72 
29 147 
27 126 
26 107 
23 91 
18 78 
16 67 

301.017 8.3 _ _ _ _  _ _  
30 957 8.3 ___.__ 
30 901 7.6 .-...- 
30 847 6.2 .___._ 
10 79: 4.4 ....__ 
30 749 2.2 ._..__ 
30 704 -. 5 _ _ _ _ _ _  
30 621 -5.8 ._____ 
30 546 -11.6 __._._ 
30 478 -17.7 _ _ _ _ _ _  
29 415 -23.9 ____._ 
28 363 -31.3 _ _ _ _ _ _  
28 315 -38.2 _ _ _ _ _ _  
28 3i1 -44.9 _ _ _ _ _ _  
27 233 -51.4 _ _ _ _ _ _  
26 200 -56.8 ..____ 
96 171 -5R 9 ._____ 
26 146 -58.3 ._____ 
21 125 -58.3 ___.__ 
22 106 -58.1 _ _ _ _ _ _  
21 51 -55.2 _._.._ 
18 78 -57.8 _._.__ 
12 67 -57.3 _..___ 
9 57 -57.0 ..____ 

Ohservations taken about 4 n. m. 75th meridian time, except by NaI J stations along the 
Paci6c coast and Hawaii where they are taken at  dawn. 

1 -4rmy. 
3 Operated by Massachusetts Institute of Technology. 
2 Nnry. 
4 Soundings made by U. 9. C. 0. cutters ChampZain and Chtlon of International 

Ire Patrol. The observations at  sea were made in an area extending from latitudes 
40" to M0 N. and from longltudw 47' to 53' W. Humidity data will be PUbliSbed at a 
later date. 

NoTE.-None of the means included in this table are based on less than 15 surface or 
5 standard-lerel observations. 

Number of observations refers to pressure only as temperature and humidity data are 
missing for some observations at  certain levels, also, the humidity data are not used in 
daily observations when the temperature is below -40° C. 
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TABLE 2.-Free-air resultant uiinds based on pilot-balloon observations made near 6 p .  m. (E.  S .  T.) during M a y  1939 

(Directions given In degrees from North (N=3600, E=90°, 8=180°, W=270°)-Velocities in meters per second (superior flgures indicate number of observations)] 

Altltude 
(meters) 
m. s. 1. 

Altltude 
(meters) 
m. s. 1. 

8,ooo 
1o.ooo 
12.000 
14,000 

Altitude 
(meters) 
m. 8.1. 
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TABLE 3.--1CIaximtcm free-air wind velocities (AI. P. S.) for  different sections of the United Stales bascd on pilot-balloon observations during 
AIay 1939 

Station 

Syracuse. N. T ...... 
Cincinnati. Ohio .... 
Jacksonville, Fla .... 
Detroit, hlich ..... 
Wichita, Kans ..___. 
Amarillo, Tes -..-.. 
Billings, Mont.. ... 
hlodena, Utah ..--.. 
Las Vegaa, Nev .____ 

I- 
h .- 
0 - m .. 
'r 
.- 2 
rJ 
z 

39.0 
31.8 
31.0 
35.2 
33.6 
29.0 
4% 
58. I 

33.0 

Above 5,000 meters (m. s. I.) 

Direction 

Surface to 2,500 meters (m. 8. 1.) I( Between 2,500 and 5,000 meters (m. s. I.) 

- 
m 

a 
? 

2 

- 
- 
111 

a 
a 
p" 

? 

3,20c 
770 

2, 080 
1.910 
I, 230 
1, 73(1 
I, 700 
?. 500 
l ,  280 

- 
Y 

0 
.- 

- 

- 

Section 

Northeast 1 ........ 
East-Central '.--.- 
Sout.heast a ......... 
N0rt.h-Central 4.... 
Central 6 .......... 
South-Central e.... 
Northwest 7 ........ 
Rest-Central I..-.- 
Southwest. 0 ........ 

- 

m 
Y : - 
LO 
38 
9 

I O  
6 

33 
19 
31 
12 

- 

>. 

5 

> 

u .- - - g 
.- 
X 

z __ 
34.7 
29. 8 
25.7 
31.8 
33.9 
32.7 
47.7 
31.0 
33. 7 

- 

m * 
5 
- 

30 
5 

16 
1: 
20 
5 
8 

13 

- 

m 
1 

6 
- 
I8 
2 
1 

17 
10 
8 
9 

21 
23 

- 

R * 
0 
.- - c 

0 z 
- 
56.0 
35.0 
43. 6 
37. 2 
50.0 
73.0 
49.0 
80.0 
60. P 

- 

Syracuse, N. Y ....... 
Nashville, Tenn ...... 
Charleston. S. C . . - . .  
Sault Ste. Marie, M i d  
Indianapolis, Ind ~ ~. . 
Dallas, Tex .......... 
Butte. Mont ......... 
Ely, Nev ............ 
Sandherg. Calif ...... 

-__ 
WNIV.~  
N ....... 
m ....... 
N W . ~ . ~ .  
WNW..  
\v ....... 
W ....... 
SHW .... 
NW ..... 

4.1N 
5,00( 
5,001 
4. fi4( 
4.661 
4,5lji 
3.95[ 
3.0% 
.5.OOi 

NW ..... 
\v ....... 
WNW.. 
N ....... 
SS\V..-. 
W8W ... 
NNE ... 
SSW.. ~. 
SW . . ~. . 

14.920 
10,290 
6,570 

12,040 
9,440 

18,350 
11,220 
16. 630 
10,970 

7 
13 
21 
8 
5 

--- 
.................. 
................. 

9.7 -54.6 
10.8 -57.: 
11.8 -61.f 
12.5 -eo.< 
13.0 -61.4 

2 6 

18 
5 
1 
4 
3 
1 

18 

.._.. 

...... 

---~-- 
.................................... 
............ 

10.0 10.1 :5S.-/ -49.7 17 I! ' 
11.3 -55.2 16 11.6 5s 
12.4 -59.4 10 13.d&:; 
13.0,-58.8 4 
13.8 fi4 0 6 
14.4/-61:2 4 
15. 5'-63.3 3 
15.8 -63.0 2 

12.2 -5i.  3 .._.._ 11.5 -54.: ! I 
344.8 ...... 338.9 

10 
Ifi 
23 
5 
5 
2 

3 
1 

................ 

................ 

................ 
9.8 -47. 

11. 5 -56.1 
12.6 -60.1 
13. 4 -62.1 
14.3 -64: 
15.8 -67.. 

14.9 -61 I 

ifi.n1-71.! 

--I_. 

.................. 
3) 7.8 

16 9.5 
17 11.2 
12 12.0 
7 12.8 
2 13.6 
3 14.0 
1 13.7 
1 14.8 

...... 11.2 

-33.: 
-44: 
-M.( 
-55.f 
-5i.c 
-58.C 
-57.1 
-51.c 
-56.c 

-51. f 

..-..~ 339.5 

8 
7 
2 

1 

13.2 -60. 
13.6 -5H.t 
13.9 -55.( 

15.9 -63.1 
.............. 

--__ 

5 

3 
1 

2 

..... 

_ _ _ _ _  

14. 3 -fi(i.. 

16.0 -73.: 
15.9 -66.1 

15.4 -70.1 

--- 
12.6 -61.! 

34i.e 

I 
I 

11.7 -54.0 
14.4 - m . n  

...... 336.5 

Station Directior 

WSW .. wsw ... 
n. _.__. 
15, -.. ssw .... 
Sm..  -. . 
WNW.. 
S S W  -. . sw.. ... 

Station 

I- 
Clereland, Ohio. 
Knowillp. Tenn. 
Tampa. Fla. 
Huron, 8. Dak. 
Omaha, Nehr. 
ABilene. Tex. 
hledford. Oree. 
Redding.. Calif. 
Albuquerque, N. 

hlex 

1 Maine, Vermont. New Hampshire. Mnswhusetts, Rhode Island, Connecticut, New 
Tyrk, New Jersey. Pennsylvania, and northern Ohio. . Delaware. Maryland. Virginin, West Viremia. southern Ohio, Kentucky. eastern 
Tennessee. and North Carolina. 

a South Carolina. Qeorgia. Florida. and Alabama. 
4 Michiran. Wisconsin, Minnesota, North Dahota. and @uth Dakota. 
8 Indiana, Illinois, Iowa. Nebraska, Kansas, and Missouri. 

e Mississippi, Arkansas. Louisiana, Oklahoma. Texas (escept El Paso), and western 

7 hlontana, Idaho, Washington, and @regon. 
0 Wyoming, Cohradn, Utah, northern Nevada, and northern California. 
9 Southern California, southern Nevada, Arizona. New hIexico, and extreme nest 

Tennessee. 

Texas. 

TABLE 4.-Mean altitudes and temperntiires o j  signijicnnt points ideitti.fiable as tropopauses during May 1939, classijied according to the poteti- 
tin1 temperatures (IO-dpgree intercnls between 290° and S99O d ) with which they are ide?ifijied (based OIL radiosonrle ohservntzons) 

Fargo, N. Dnk. Nashville, Tenn. Oakland, Calif. Oklahoma Cit.y. 
Okla. 

Omaha, Nebr. Sault Ste. hfarie, 
Mich. 

St. aeorges, 
Bermuda 

Washinyton. 
D. c. 

Potcntial tempera- 
tures 

-1-1- -1-1- -1-1- 290-299. _ _ _ -  - -___ _ _  - 
300-309 ............. 
310-3319. _ _ _  _____. . 
320-329 ............. 
330-339 ............. 
340-349 ............. 
350-359.. ........... 
3fil!-369 ............. 
370-379 .............. 
380-3.59.. ........... 
390-399. ............ 

................ 

................ I I  ..... -, ...... , ...... 
6 11 .3  15?l 

18 11.4 -55.1 .....I..... 201 12.3 I -52.: 
iZ.S1158.j 
13.5 59. 

14.6'--59.: 
15.61-63. i 

14. AI - f i I .  : 
14.2~-64. 15.2 -69. : : 
15.2 -63. 

2 15.8 -6O.t 

All ( w e i g h t e d  
means).. ......... 

Mean potential 
temperature.. .... 

..... 12.3 -58.. ....I ,,?., 
1 12.3/-55.i I 

..... 346.0 


